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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce surface level 
density after the formation of a thermal, oxidized film for 
a silicon carbide semiconductor device. 

SOLUTION: A thermal oxidized film forming method £ 
consists of growing a silicon oxide film by pyrogenic 
oxidation which causes thermal oxidation by introducing ....... 

hydrogen oxygen. The flow ratio of hydrogen and oxygen * V ^ 
is set 1:1, the flow of hydrogen is made larger than that 
of oxygen. After oxidation, the film is cooled in an 
atmosphere containing hydrogen at a rate in the range of 
0.3-3° C/min. The temperature for taking the film out 
after cooling is set to 900° C or less. a 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
-[Claim(s)] 

[Claim 1] The thermal oxidation film formation approach of the silicon carbide semiconductor 
device characterized by making flow rate of hydrogen and oxygen into flow rate with many flow 
rates of hydrogen rather than 1:1 in the thermal oxidation film formation approach of growing up 
the oxidation silicon film, by pie ROJIE nick oxidation which introduces and oxidizes hydrogen 
and oxygen thermally on the heated silicon carbide front face. 

[Claim 2] The thermal oxidation film formation approach of the silicon carbide semiconductor 
device characterized by being carried out in the ambient atmosphere in which the cooling 
process after oxidation contains a hydrogen atom on the heated silicon carbide front face in the 
thermal oxidation film formation approach of growing up the oxidation silicon film, by thermal 
oxidation, and the cooling rate being in the range of 0.3-3 degrees C / min. 
[Claim 3] The thermal oxidation film formation approach of the silicon carbide semiconductor 
device according to claim 2 characterized by cooling the range of at least 900 degrees C or less 
with the cooling rate of 0.3-3 degrees C / min. 

[Claim 4] The thermal oxidation film formation approach of the silicon carbide semiconductor 
device which is performed in the ambient atmosphere in which the cooling process after 
oxidation contains a hydrogen atom on the heated silicon carbide front face in the thermal 
oxidation film formation approach of growing up the oxidation silicon film, by thermal oxidation, 
and is characterized by the ejection temperature of the silicon carbide from a furnace being 900 
degrees C or less. 

[Claim 5] The thermal oxidation film formation approach of the silicon carbide semiconductor 
device which is performed in the ambient atmosphere in which the cooling process after 
oxidation contains a hydrogen atom on the heated silicon carbide front face in the thermal 
oxidation film formation approach of growing up the oxidation silicon film, by thermal oxidation, 
and is characterized by the ejection temperature of the silicon carbide from a furnace being 800 
degrees C or less. 

[Claim 6] The thermal oxidation film formation approach of the silicon carbide semiconductor 
device according to claim 1 characterized by being carried out in the ambient atmosphere in 
which the cooling process after oxidation contains a hydrogen atom, and the cooling rate being in 
the range of 0.3-3 degrees C / min. 

[Claim 7] The thermal oxidation film formation approach of the silicon carbide semiconductor 
device according to claim 1 characterized by performing the cooling process after oxidation in 
the ambient atmosphere containing a hydrogen atom, and cooling the range of at least 900 
degrees C or less with the cooling rate of 0.3-3 degrees C / min. 

[Claim 8] The thermal oxidation film formation approach of a silicon carbide semiconductor 
device given in either of claims 1,2,3, 6, or 7 characterized by the ejection temperature of the 
silicon carbide from a furnace being 900 degrees C or less. 

[Claim 9] The thermal oxidation film formation approach of a silicon carbide semiconductor 
device given in either of claims 1,2,3, 6, or 7 characterized by the ejection temperature of the 
silicon carbide from a furnace being 800 degrees C or less. 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



-[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a silicon carbide 
semiconductor device of having MOS (metal-oxide-film-semi-conductor) structure, using silicon 
carbide. 
[0002] 

[Description of the Prior Art] The band gap of silicon carbide (it is described as Following SiC) is 
large, and since a single figure is also large as compared with silicon, the maximum insulation 
electric field are the ingredients with which the application to a next-generation power 
semiconductor device is expected. And single crystals, such as 6 H-SiC and 4 H-SiC, can be 
quite quality, and can manufacture now. These are the alpha phases SiC of the form where the 
laminating of a sphalerite mold and the wurtzite mold was carried out. Until now, the prototype of 
schottky diode, end-fire array MOSFET, a thyristor, etc. is realized, and it is checked from the 
property as compared with conventional silicon that a property is dramatically good. 
[0003] The oxidation silicon film (henceforth, Si02 it is described as the film) arises on a 
substrate front face by the so-called thermal oxidation put to the oxidizing atmosphere which is 
an elevated temperature about a silicon substrate, for example, contains oxygen or a steam in 
that case although the MOS mold semiconductor device using metal-oxide-semiconductor 
structure is in use, and the latest silicon LSI is the Si02. The film is used as an insulator layer. 
SiC is Si02 which has a good semi-conductor-insulator layer interface in a front face by thermal 
oxidation like silicon. The film is obtained and it is the Si02. From the ability to use the film as 
gate dielectric film or stabilization film, application to an MOS mold semiconductor device is 
possible similarly. 
[0004] 

[Problem(s) to be Solved by the Invention] It is Si02 to a front face by thermal oxidation like [ in 
SiC ] silicon. The film grows. This Si02 The interface of the film and SiC is Si02 which was pure 
and grew. It was said above that the film is available as a surface protective coat or gate 
dielectric film of an MOS mold semiconductor device. However, an old place, it sets to SiC and is 
Si02 by thermal oxidation. It is Si02 when the film is formed. Much reports that there is at least 
very much ****** generated between the film and SiC as compared with the case where a 
consistency is a silicon substrate are made. [, for example, Shenoy, and J.N. Others : J.of 
Electron Materials, Vol.24 (1995), p.303] It is fatal that there are many consistencies as ****** 
for the MOS mold semiconductor device which controls the carrier of the part near a **** front 
face. For this reason, some attempts for which at least ****** decreases a consistency are 
made. Here, an oxidation process is explained in order to give the following explanation easy. 
[0005] Drawing 4 is a flow chart showing the temperature change of an acid chemically-modified 
[ typical ] degree. That is, an axis of abscissa expresses time amount and the axis of ordinate 
expresses temperature, temperature T1 lower than the temperature which oxidizes setting — a 
wafer — an oxidation furnace — introducing — the temperature of after that and a furnace — 
oxidation temperature T2 up to — time amount tu to raise A process is the process of A. Then, 
temperature T2 t1 Only time amount oxidizes. Under the present circumstances, in an 
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oxidization furnace, steam, th^et oxygen which is oxygen in which the steam was included or 
the dry oxygen which does not contain a steam, etc. is passed as an oxidizing quality ambient 
atmosphere. This process B turns into an oxidation process. In the same temperature as 
oxidation, or the other temperature, a furnace is cooled through the annealing process C in the 
inside of suitable gas after it (Process D and time amount td). It is temperature T3 to the last. A 
wafer is taken out from a furnace. Generally in the production process of a silicon semiconductor 
device, annealing in the inside of inert gas, such as nitrogen and an argon, is needed at least for 
****** for reduction of a consistency etc. drawing — annealing time amount t2 ****** it 
was shown. Moreover, although annealing temperature was made the same as that of oxidation 
temperature, you may change. 

[0006] In an old report, there is a report that UV irradiation and plasma treatment are good as 
oxidation pretreatment. Moreover, some attempts for which at least ****** decreases a 
consistency are made. For example, von Kamienski E.S. Others etc. are Materials Sci.and 
"Eng.B29 (1995) and p.131. It was shown that set and the argon after that wet oxidation is better 
than dry oxidation and oxidation or annealing in the inside of foaming gas decreases a 
♦consistency at least in ******. moreover, Shenoy and J.N. etc. — J.EIectr.Mat.24 (1995) and 
p.303 It set and described being pretreatment before oxidation, and that insertion temperature 
etc. was important. Furthermore, Lipkin L.A. etc. is Proc.26th IEEE Semicond.Interface Specialist 
Conf.(1995) p.131. It sets, and it is temperature lower than oxidation temperature, and performing 
additional wet oxidation supposes that it is good for the reduction like ******. 
[0007] Although such an attempt occurs, in SiC, it is dramatically difficult for ****** to be still 
in a high level, and to be stabilized and to obtain good interface state density, and the 
improvement is demanded. Pure water is heated conventionally, and although the so-called 
approach of the wet oxidation which carries out bubbling of the oxygen there was taken, by the 
approach, there are control of the division ratio of water and oxygen being difficult and a problem 
of waterdrop being involved in at the time of a bubble and being easy to generate contamination. 
[0008] In view of the above problem, presentation control is easy for the object of this invention, 
and is to offer the thermal oxidation film formation approach of a silicon carbide semiconductor 
device that at least ****** can be reduced. 
[0009] 

[Means for Solving the Problem] It was presupposed for the above-mentioned technical-problem 
solution that this invention is based on pie ROJIE nick oxidation. That is, it is made for the flow 
rate of hydrogen and oxygen to turn into flow rate with many flow rates of hydrogen from 1:1 in 
the thermal oxidation film formation approach of growing up the oxidation silicon film, by pie 
ROJIE nick oxidation which introduced and oxidizes hydrogen and oxygen thermally on the 
heated silicon carbide front face. 

[0010] Although the detail of the mechanism explaining the effect of the flow rate of the 
hydrogen and oxygen at the time of pie ROJIE nick oxidation is unknown, if flow rate of hydrogen 
and oxygen is made or more into 1:1 as the below-mentioned experimental result shows, at least 
j n ****** t a consistency will decrease rapidly. Moreover, after forming an oxide film by thermal 
oxidation, it is good to be carried out in the ambient atmosphere in which the cooling process 
after oxidation contains a hydrogen atom, and for the cooling rate to be in the range of 0.3-3 
degrees C / min. 

[001 1] If it is made such, as the below-mentioned experimental result shows, at least in ******, 
a consistency will decrease about 20%. However, if a cooling rate is not much slow, since time 
amount will be taken, as a minimum, more than 0.3 degrees C / min are desirable. In the cooling 
process after the thermal oxidation film, the range of at least 900 degrees C or less shall be 
cooled with the cooling rate of 0.3-3 degrees C / min. 

[0012] If especially the cooling rate of the low-temperature range is annealed as the below- 
mentioned experimental result shows, the same effectiveness will be acquired with having cooled 
slowly from the elevated temperature. Furthermore, it is carried out in the ambient atmosphere 
in which the cooling process after oxidation contains a hydrogen atom, and it is good that 900 
degrees C or less of ejection temperature of the silicon carbide from a furnace are 800 degrees 
C or less still more desirably. 
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[0013] If it is made such, aslPfe below-mentioned experimental result shows, at least in ******, 
a consistency will decrease substantially. The detail of a mechanism is unknown. If these means 
are piled up, the duplicate effectiveness will be acquired further. 
[0014] 

[Embodiment of the Invention] Pie ROJIE nick oxidation is described for the thermal oxidation 
film formation approach of the silicon carbide semiconductor device of this invention as an 
example below. This approach introduces gaseous hydrogen and oxygen, makes them react, 
generates water, and acquires a wet ambient atmosphere by this. By examining the process 
conditions at the time of thermal oxidation, how at least ****** which is the important property 
of an MOS mold semiconductor device reduces a consistency was acquired. 
[0015] Referring to drawing below, an experimental result is explained and detail of the approach 
at least ****** reduces a consistency is given. 

aluminum dope of the carrier concentration of [experiment 1] 1x1016cm-3 and the p mold SiC of 
"a field bearing (0001) silicon side were used. 

[0016] Although dry oxygen is passed at the time of the temperature up of a furnace, a wet 
^ambient atmosphere or an inert atmosphere is also available for this. The various oxygen and the 
hydrogen of flow rate were passed after temperature up, and pie ROJIE nick oxidation was 
performed and compared for 1 100 degrees C and 5 hours. Annealing made for 30 minutes and a 
cooling rate 3 degrees C/m at 1 1 00 degrees C, and was taken out from the furnace at 700 
degrees C. Annealing and the ambient atmosphere under cooling are nitrogen. The thickness of 
the grown-up oxide film is about 30-40nm. 

[0017] At least ****** of the obtained sample shows a consistency to drawin g 1 . As for an axis 
of abscissa, at least ****** obtained by the axis of ordinate in the flow rate of hydrogen and 
oxygen shows a consistency. Rather than 1:1, interface state density has been improved rapidly 
in the place with much hydrogen, and the flow rate of hydrogen:oxygen is saturated more than 
with it so that it may understand clearly from drawing. Hydrogen: As for the point of 0, the flow 
rate of oxygen means oxidation in dry oxygen, and, at least in ******, about 1/of consistencies 
has become 3 in the place which made flow rate of hydrogen:oxygen 1 .25 or more compared with 
it. Namely, hydrogen: Understand the flow rate of oxygen that it is [ 1:1 or more ] important to 
carry out to 1.3 or more still more desirably. 

[0018] Since there was no problem of contamination which was described above and installation 
was easily done in pie ROJIE nick oxidation, in the process of a silicon semi-conductor, it was 
often used. However, the quantity-of-gas-flow ratio is seldom examined by the process of a 
silicon semi-conductor. At least ****** of SiC finds out that a consistency is dependent on a 
quantity-of-gas-flow ratio, and this invention clarifies the optimal presentation for it, as a result 
of applying pie ROJIE nick oxidation to SiC and experimenting moreover using control of flow 
rate being easy. 

[0019] The artificer showed clearly that annealing time amount is shortened and that the 
ambient atmosphere which contains hydrogen or water as an ambient atmosphere at the time of 
cooling is as effective in reduction of a consistency as ****** in previous application and 
Japanese Patent Application No. 8-21 1796. Since it cooled in nitrogen and is not satisfied with 
the above-mentioned experiment of the condition, if it is made such, it will be thought that it can 
decrease further. 

[0020] It experimented about the cooling rate after oxidation using the same substrate as 
[experiment 2], next experiment 1. Here, hydrogen oxidized by 81. / min, and, as for oxidation, 
oxygen oxidized in the ambient atmosphere of 4.5I. / min. Oxidation temperature and time 
amount presupposed that it is the same as experiment 1. However, annealing did not carry out, 
but made next cooling the same ambient atmosphere as the time of oxidation, and ejection 
temperature was made into 800 degrees C. 

[0021] Drawing 2 shows the experimental result and at least ****** is property drawing of the 
cooling rate dependency after oxidation of a consistency. An axis of abscissa is a cooling rate 
and an axis of ordinate is an interface-state-density consistency. It turns out that a cooling rate 
has big effect on an interface-state-density consistency from drawing, and a good interface 
property consistency will be obtained if it is a rate below 3 degrees C / min. Although the 
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experimental value of 3 degrets C / min is a little large value as compared with the data of 
experiment 1 , this is because ejection temperature is high so that it may become clear in the 
next experiment 3. 

[0022] It is slow to reference, such as above Shenoy and J.N. It is fast although the example 
which made the cooling rate late is in about 4 degrees C / min as pull. It is what was performed 
to pull (quenching), and if it experiments in a cooling rate dependency to the field below 3 
degrees C / min like this invention, it does not break, and annealing of an argon ambient 
atmosphere supposes that it is indispensable, and ejection temperature is also as high as 900 
degrees C. 

[0023] Although it is generally possible to enlarge a cooling rate for time amount compaction of a 
process, for reduction of an interface-state-density consistency, the later one of a cooling rate 
is good. However, as a minimum on actual, they are 0.3 degrees C / min extent, since the time 
amount of a process is prolonged, if not much late. Since the gas containing a hydrogen atom is 
"suitable as an ambient atmosphere at the time of cooling as described in application of the 
above-mentioned artificer s point, there is nothing at the translation that it must not necessarily 
be the mixed gas of the hydrogen and oxygen as this experiment 2 also as requirements for this 
invention. 

[0024] In addition, the inclination with the same said of the example of wet oxidation was seen. 
As a supplement of the [experiment 3] experiment 2, it experimented about the temperature 
requirement which needs annealing after oxidation using the same substrate as experiment 1 . 
Hydrogen oxidized by 81. / min, oxygen oxidized in the ambient atmosphere of 4.5I. / min, and 
oxidation also conducted this experiment the same [ oxidation temperature and time amount ] as 
experiment 1 . 

[0025] Experiment 3a cooled the range of 1 100-900 degrees C with the cooling rate of 3 degrees 
C / min, and cooled the range of 900-800 degrees C with the cooling rate of 1.5 degrees C / 
min. Experiment 3b cooled the range of 1 100-900 degrees C with the cooling rate of 1.5 degrees 
C / min, and cooled the range of 900-800 degrees C with the cooling rate of 3 degrees C / min. 
Ejection temperature made all 800 degrees C. 

[0026] The experimental result was also shown in drawing 2 . Experiment 3a was the same 
interface-state-density consistency as what cooled all the range of 1 100-800 degrees C with 
the cooling rate of 1.5 degrees C / min in the experiment 2. From now on, especially as a 
temperature requirement to be cooled slowly, it will turn out that the range of 900 degrees C or 
less is important. 

[0027] It experimented about the ejection temperature after oxidation using the same substrate 
as the [experiment 4] experiment 1 . Hydrogen oxidized by 81. / min, oxygen oxidized in the 
ambient atmosphere of 4.51. / min, and oxidation also conducted this experiment the same 
[ oxidation temperature and time amount ] as experiment 1. However, annealing did not carry 
out, but made next cooling the same ambient atmosphere as the time of oxidation, and the 
cooling rate was set to 3 degrees C / min. 

[0028] Drawin g 3 shows the experimental result and at least ****** is property drawing of the 
ejection temperature dependence after oxidation of a consistency. An axis of abscissa is 
ejection temperature and an axis of ordinate is an interface-state-density consistency. It turns 
out that ejection temperature has big effect on an interface-state-density consistency from 
drawing, and a low interface-state-density consistency is obtained by ejection 900 degrees C or 
less. The effect of ejection temperature is dramatically large, and the difference beyond twice is 
seen, respectively at 900 degrees C, 800 degrees C, 800 degrees C, and 700 degrees C. whose 
measured value in 3 degrees C / min of experiment 2 was large — ejection temperature — it is 
because it was high. 

[0029] Although the example which performed wet oxidation of a 800-degree C addition in 
reference, such as above Lipkin and LA., is indicated, rather, the result of 800 degrees C is 
getting worse than 950 degrees C, and does not suggest that the one where ejection 
temperature is lower is good like this invention. Although it generally tends to be thought for the 
process time amount compaction after oxidation that it will take out early if possible, by 
interface state density being greatly dependent on the ejection temperature, and making ejection 
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temperature after cooling lov^hows that an interface-state-density consistency is improvable. 
[0030] What is necessary is just gas which contains a hydrogen atom as an ambient atmosphere 
at the time of cooling also in this case. 
[0031] 

[Effect of the Invention] As explained above, according to this invention, in the thermal oxidation 
film formation approach of a silicon carbide semiconductor device, at least ****** can reduce a 
consistency by examining the hydrogemoxygen flow rate at the time of pie RO JIE nick oxidation, 
an after [ oxidation ] cooling rate, the wafer ejection temperature after oxidation, etc. 
[0032] At least ****** is size the place which ** that a consistency is the important property of 
an MOS mold semiconductor device, and reduces the consistency by this invention to utilization 
of the MOS mold semiconductor device of silicon carbide. 
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precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

.[Brief Description of the Drawings] 

[Drawing 1] Hydrogen at least whose ****** is a consistency: Property drawing showing an 
oxygen flow rate dependency 

TDrawing 2] Property drawing in which at least ****** shows the cooling rate dependency after 
oxidation of a consistency 

[Drawing 3] Property drawing in which at least ****** shows the wafer ejection temperature 
dependence after oxidation of a consistency 

[Drawing 4] The temperature flow chart of a thermal oxidation process 

[Description of Notations] 

A Temperature-up process 

B Oxidation process 

C Annealing process 

D Cooling process 

t1 Oxidation time amount 

t2 Annealing time amount 

tu Heating up time 

td Cooldown delay 

T1 Insertion temperature 

T2 Oxidation temperature 

T3 Ejection temperature 



[Translation done.] 
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tmmzmmitiz&v&mzs \ 02 - 

cos i 02 i<hs i cto)*Bi*3l»-e. ricftufes i 
02 ■a*B0)flBH^MO8B^*il«Ba>y— htt 

^T-cDtzo. s i cicfci^Ti*. ffiiWbtcfeors i 
02 K*»l«Lfc»^ S i 02 Its i ctOKlzft 
£-T*#IMMftM*<S/"y 3>Stt<DJi^<!:Jt»LT# 

Shenoy, J. N. ffe: J. of Electron Mater ials. Vol . 24, (1 
995) p. 303] *H4M4ejB^#L^Ctl*. «< Mlc 
iSl*«#0>** 'J 7MIW4MO SB¥*{**KI=& 

or, a^t'fc^o z<Dtzth. #ffi*iaes*«'>* 
[0005] ei 4 *ffiMft»ftxao). aawb* 
1 izj3t^r^x/\*»<bipic»AL. ^0^. 

&mt : &&T2 *"C±»*1*4B#l«tu A CD 

«. C(»XfMBA<. KftlSfcft*. *<Dibt. Mitt 
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;ux*ic£*£t, *pi*?frfi]£;»x<5> 
. [oooe] z*i&-e<Dm&-vi** &itf$i*ikmtLxm 

" £o flliU*. von Kamienski E. S. -ffe^l*. Materials 
Sci. and Eng. B29, (1995) p. 131 icfclxT. ^x*>h 

*tt®J££ 3S'>$t!:£ w £ Lfc c £/iShenoy, J. N. 
mt. J. Electr. Mat. 24, (1995) p. 303 [zfcOT. B 

fr 0 MIC Lipktn L. A. m\t. Proc. 26th IEEE Semico 
nd. Interface Specialist Conf. (1995) p. 131 izfcl^ 

[0 0 0 7] C<7>£5#ia^a < fc£ : fc<D0X S i Ctrl* 

"j >^-r4HfB^x-v hB*ba>*»*<W&*LTi*f=rt<. 

[0 0 0 8] tt±©Bil=t**»(B«)l 

B<D»K<bB»BJifc*& C <t lzfe^> 0 
[0 0 0 9] 

Ml*. /<-f Pvx-^^»<blC*«Cfct Lfco 

*ni»**ifca<bi+i^**H±^. *m^^m$-«A 

LTl»tt<b-r*/<-f P vx-^^M^bl-cfeoT^bC+l^ 

[ooio] /WP2/x — v*iMbWa)*«i:ll««>B 
» Jt<D»« SlftB^-T * > * zlX A(DS$ffll4^B^ T fc * 

$1 : lia±i:t'*i:. #B*(S*aA<ft*f *• * 
fc, BBIbl^yBlbBCBBLfcffc, B*b*0>JMM» 

/><0. 3-3°C/m i n^EHlCfc^C^^^L^o 
[0 0 1 1] ^<7)^5lC-r+tlS. Bft0>«lfetiX*<3*'r 



0. 3°C/m i nlSLttfflSLlV, BBIbBBaHfrflB 
fllCfcl^T. t*> 9 0 0°CJsjLT<Dffiffl£ 0. 3~ 

3°C/m i n(D;^a]ilJg-C^iD-r^*<Oi:-r^o 
[00 1 2] ffc&<D£tt»*Jb<**<fc5l-* 4$lc1£;BlE 
B0)3*»*K*tfc*^*ttf. BBfr&fftJfrLfcfcBi:*! 
»*<»64x-*. Mlc. BfcBa>**DBa*<*BB?e* 

trSlffl»^fc-fcJb*u *p3b>&a)«<b(tt^a>»yaiL 

;Ejgrf><9 0 0 o C£LT. Ml-B* L < l*8 O O^lsTF"?* 
[0 0 13] 5 K-TtUi. «S6(0SSBttJI!:J&<3F'r 

[0 0 14] 

[^b^cdhs6<7)^®] JsiT**Ma>a<biti^**»(*ai 

«0)J»»<bB^ia*a*. /UPyi-7^»<b$$» 
^l^LrlS^o ^0)*»l*ft{*(D*B£BB*»AU 

Elector, mo sl*»*8ia)l5<j:1ftt'Cft4* 
[OOl 5] J21TB*#BL«?A<&* S6BISIRSKM 

u »B*tt*«*(SB-r«*aa>BB*a-<*-. 

[HRl] 1 x 1 0lficm-3©4r^'J7lBa)A I K- ■ 

zf. (o o o 1 ) v'Jh>I0pIs i c£ffli^ 

fc. 

[OO 1 6] JP0)»fflftlCl4. K^-rBBSSSLTl** 

ttl> e »B&» «/r<D3t«iba>BBi:7k*t*9[Lr. 
1 100°C, 5B#fHk /WDyi-^S{tSfc:4L> 
JtgSLf'o 7 — — JU*1 1 0 0°CT*3 0^ra, >ft£P>I£ 
I*. §#3°C<hL. 7 0 0°CT**P^b^y tbLfco T — 

BMbB0)« 3 0-4 0 nmT'fe^o 

[0 0 1 7] f»&*tfcK»<D#ffi4M4ftft*Bi lc« 

*B : BB<B3fE*ltJb< 1 : uyt**©^ 

B*-t?(DM<b**l»LTi3y. ^tLlCtt^. 
<D3E*tt£ 1 - 2 5W±t LfcHr-CI*. -^®^fiSS>b< 
»1/3lc*oTt>5o fftsbt* *m : KmcD3£glt 
Si : 1iil±. BI=B*L<I*.1. 3U±lC-r«C&A< 

[0 0 18] /WPvi-'^SWt fltllciBLfccfc 

v'J a >¥»<*<D^P-tr AT*I*LIS LI*ffll>bttT# 
fco L**U vya>*»(*0)^P-b^T?l**fxafiJt 
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[001 9 ] f£BR%{*. &0)tiM* *#SI¥8 - 2117 

[0 0 2 0] MM 2] aWc X»1 ^HCttCtffit^ 
-CM<t«CD3ftfflaai-Ol^SIMLfco CCTMMHb 
I*. 7K3tA<8 U ^ MU/m i n . M*A<4. 5 'J *V h/U 

/m i nO)»Bft-CM<tLfc. SHbSJS, eiBl^ei 

trai:i:Lfco fc/£LT=— ;ui4J3 cfctrf. &(7>;^*p 

14. BltMfcHCBBlK&U I*yaJLaJgl4 8 0 0 o C 
[002 1] H2l4*0)S8Mtt***L-Ctey. 

iaffia(DM<ba(D**na«tt#it<o4»ttH-c**o fit* 

3&<*335>4o 3°C/m i n<DflMfii#. HM 1 CO^r— * £ 

[0 O 2 2] ffjaja>S h e n o y , J. N. ^(D^SR 
|:, slow p u I I £ Lt, £j4°C/m i n|Z^£fl 
Lfc«l*fc4A^ fast P u I I 

Tl^fc^-r. *fcTJI/=f>*B»0>7=— 

urasy, i»yaiLast9oo o ci:BL^ 

[0 0 2 3] — »iztt^aiz^<DRMfilfia)fctf>ic. ^ 

Pg<t:LTI4. 0. 3°C/mi ngST'fc55c ftjfciia>#& 
W#a>jfe<DaBl::B Lf-cfc 3 l=JMPB*<D*Bft i Lt, 

1fr£LXtj. j&-TLt*SIM2<Diiy<D**i:K«a)S 
ft # * -C It tLli U t> l^tRT* 14 * I * 0 
[0024] w^x'v hM<b<z>«icoi^rtra«fl)«iBi 

[SIM 3] l£M2<D*£S<!: Lt, HM 1 £ ■ 

i*r, B<b«»»3&<i&*ftaaBBr-oi^rsiM Lfc« 

C<D*MT?tiB<btt. 7KSt*><8 U ? hJU/m i n, If 
A<4. 5 U V Hl*/m i nO)81ftTWbL, BlbS 



Bt. B*WI4SSMl tBCtlfcp 
[0 0 2 5] g|M3al4. 1 1 0 0-9 0 0°C(DffiH£ 
3°C/m i n<D#ffli8KT^»U 900~800°C(D 
Cl(1. 5°C/-m i nCO^SPSJgT'^SflLfco HM 3 
bl4. 1 10 0-9 0 0°COgiJl. 5°C/mi n(D 
*9MtA9L. 9 0 0-8 0 0 0 COliJ3°C/m 

0 0°C£ L/co 

[0 0 2 6] B2IC. *0>3SMfSJR***Lfco HM3 
a I*. HM2C:fcl^T 1 1 O 0-8 o o°co)£:iBffl£ 
1. 5°C/m i n(07%&&fkV#i&Ltz : b<D£. ffiCft 

<hLTI4. !f$lC9 0 0°CiaT(7)ffiffl^ffi^T*fc^C<t^ 

[0027] MM4] m'uncic^R^tittt 

a<DWyaiLiBfiEI=oi^TSIMLfco -OHtt?tS1b 

14. *mt)<8 'J HU/m i n. M*A<4. 5 'J *v MU 

/m i n<D»Bft-eM<bL. BJbAS* B$IWiaHMi «t 

14. MftttfcHICSBfttL. ^aiISl4 3 0 C/-m i n 

1 Liz* 

[0028] B3I4. *a>stMe***ur*5y. #ffi 

B*^&wyaiua*i4. #B*ttsaic*#ftiBBs-§- 
9oo°ciUT-eo^yttSLic^y. isi^BMffitt 
s^s&w-tw^c »yasLaaa>iBBtt*« 

|C*;£<. 9 O 0°C<t 8 o o°c. 8 o o°ct 7 o o°cr* 
(4, -ttffttft^CDa^S.&tt*, HM2(7>3°C/m 

i nxcom&mt)^ **^ofco>i*fl»yujLasK^o 

[0 0 2 9] llflUKDL ipkin, L. A. ^(D^tSK 
IC. 8 0 0°C-CiI«D(7)^x^ h»fc*fTofc«^EK* 
nTl^^)b<. 8 0 0°C<7)*SSI4i;L5 9 5 0°C<ty^< 
* o Tl^T. *3MB(D<fc 5 (CIS y U LaS*<<£L>!5 5 A< 
S:C>Ci:*7Fi«-r€)tOT*f4^l^ — ttld*. Mit'&Z? 

&*L*<*)-Cfc«3b<. #B»fitl4*<D»yaiLa«l3*:# 

<«#LT*$y. »»ao)BjyuLaK*«<-r4ct 

lcJ:oT. #B*tt««*«a«"C#*Clfc^to^*. 
[0 0 3 0] CCDSftt. »aj^a>»Bftt LT(4. 7K 

[003 1] 

<bi+t^**»i*3S«<oj»M<bK»fiE*ai^a3t^TI*. 
-TQ5;x-^^M<b»a)*« : M*»«tk. Mibtt^si 

[0 0 3 2] IStffi*fiBJSl4MOSS!*3M*««a)as 

ftwi-efty. **Micc»:y-ta)ffls*«5«-r*ct 
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[0 2] #iffi4Mi«J»a)Kfta>ftffliSK«c#ttS*-ri* t2 
14® t u 

^ [12 3] MiwaasaoMftft^x/xKyasLajStts t<j 
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